This research, conducted in the tropical rainforest, is focused on restoration of tree diversity through natural regeneration mechanism in the 49 year-old Mangombe forest plantation. 12 plots were surveyed, 6 with large transects and the 6 others under regrowth. In each plot, two subplots with 400 m² each were demarcated for the inventory of all stems with diameter greater than 2.5 cm. A total of 2239 stems comprising 107 species distributed in 93 genera and 42 families were identified over 9600 m². There was a slight difference between species richness of plots with large transect (79 species, 72 genera and 35 families) and regrowth plots (85 species, 76 genera and 38 families) while the basal area in the plots with large transects (10.76 m²/ha) was significantly greater than that of regrowth (8.65 m²/ha). Species with high important value index have an affinity with forest undergrowth such as: Tabernaemontana pachysiphon, T. crassa, Mallotus oppositifolius and Heinsia crinita. The undergrowth is diversified with different life feature and a high number of small size trees indicating a vigorous regeneration. This can be favoured by: microclimate undergrowth, canopy gaps, abundance of litter fall that brings humus to the soil, type and age of plots, planted species and the complexity of spatial and vertical structure of the stand. plantations contribute to the regeneration of holly (Ilex aquifolium L.) in mediterranean central Spain. Eur J Forest Res., 125: 271-279.
INTRODUCTION
In tropical rainforest, many research works have been developed on forest dynamics; this helped in improving the ecological knowledge on silvigenesis processes in the primary forest. This issue has been very little addressed in forest plantations where contradictory debates exist on the potential impact of forest stands on biodiversity (Brockerhoff et al., 2008; Quine et al., 2010) . While some authors like Makino et al. (2007) and Barlow et al. (2007) indicate that tree plantations degrade and disturb biodiversity, others believe that plantations can contribute to the restoration and conservation of biodiversity (Cusack et al., 2004; Arrieta et al., 2006) . Given that forest fragmentation affects the composition and dynamics of natural regeneration, the study of the diversity of undergrowth can help to understand the changes that occur in this environment after fragmentation (Xiao et al., 2010) . What is the situation in Mangombe's forest plantation 49 years later? Can the mechanisms of regeneration reconstitute the biodiversity in this tree plantation?
MATERIALS AND METHODS Study area
Mangombe's forest plantation (latitude 03°52 North and longitude 10°09 East) is located at 16 km in the north east of the nearest town of Edea and at about 40 km in the north east of the Atlantic ocean (Figure 1) . At the origin, this ecosystem was an unlogged lowland forest growing under a sub-equatorial to tropical humid climate rich with Lophira alata Banks ex P. Gaertn (Ochnaceae), Azobé; Sacoglottis gabonensis (Baill.) Urb. (Humiriaceae), Bidou; Cynometra hankei Harms (Fabaceae), Nkokam; and Coula edulis Baill. (Olacaceae), Ewome (Letouzey, 1968 (Letouzey, , 1985 . The forest had been submitted to a selective cut before installation of plantations in 1964. The topography ranges from undulating to rolling in the lowland area, altitude varies from 10 m above sea level in the eastern side to 40 m in the western part. The areas chosen for installation of the forest plantation are generally flat. The average annual rainfall is estimated at 2600 mm/year distributed within the 12 months with a short dry season in July. The average annual temperature is about 25 °C, with a little variation between the rainy and the dry season. The hydrography shows one river name Mangombe which represents the natural boundary at the northern part of the site. Mangombe's plantation is situated on a sedimentary shield of Pleistocene to upper cretaceous. Three main types of soils can be distinguished: i) Brown to yellowish soils, very clayey deep leached without coarse elements on the plateau; They cover 64% of the station and are the only ones used for the establishment of forest plantations; ii) Gravelly soils with lateritic gravel or quartz, covering 26% of the surface of the station; iii) Hydromorphic soils, often gravelly extending over 10% of the station (CTFT, 1969) .
Sampling and measurements
A total of 12 plots have been surveyed in which 6 are being planted with large transects and the other with the regrowth method (Table 1) . Tree distribution was analyzed using forest inventory data from 24; 400 m² forest inventory subplots covering about 9600 m 2 . Two subplots were installed in each of the plots and all the trees with diameter greater than 2.5 cm were identified and their circumference measured at 1.30 m above the ground surface or at the level of the collar from shrubs, then the diameter at breast height was calculated from the circumference measured (1). The level of measurement was marked on the tree trunks using red paint. During the survey, samples of recorded species were collected for the confirmation and identification at the National Herbarium of Cameroon.
Data analysis
From the data collected, many parameters were estimated:
Descriptors of structural features
The parameters used to analyze the structural features are the stand density which represent the number of individuals per hectare, the mean diameter (Dbh m ) computed as the sum of diameter divided by the number of trees and the basal area (Ba) which is the total cross-sectional area of each tree at the height of measurement (m²/ha) (2).
(1) C = π Dbh Dbh = C / π with C: circumference in cm and Dbh (cm)
(2) Dbh m = Σ Dbh i / N, where Dbh i : diameter of a tree and N: total number of tree.
-
Descriptors of floristic feature
Many vegetation indexes were used to describe the floristic traits such as: the specific, generic and family richness which are the number of species, genera and families censured. The abundance of taxa is expressed as number of trees in the taxa, the importance value index (IVI) shows the most important taxa and it is the sum of the relative abundance and relative basal area (3). Shannon index (H') (1949) in Legendre and Legendre (1984) indicates the floristic richness of an area (4). In the formula, N i /N is the relative frequencies of stems of species « i », N i is the population of species i and N is the total number of stems. A high value of Shannon index indicates a rich community constituted by diverse species with almost equal frequencies (Frontier and Pichod-Viale, 1993; Senterre, 2005) .
Descriptors of functional feature
In the framework of study of the dynamics of vegetation, the knowledge of floristic parameters and species biology provide additional information to that obtained from the analysis of structural parameters. Features are referred to as qualitative or quantitative characteristics measurable on trees; they can be divided into several modalities which are the different values of a feature. The features characterize species and reflect their response to environmental disturbances (Vile, 2005; Palla, 2011) .
Four features were chosen with eighteen modalities for the analysis of the 107 censured species:
The biological spectrum was used to appreciate the health status of a forest. When work out at periodic intervals, biological spectrum may set the guidelines for ecorestoration and optimization of a community. Woody species were classified into three groups according to their height:
Megaphanerophyte (Mgph), Mesophanerophyte (Msph) and Microphanerophyte (Mcph) (Tripti et al., 2011) ; -Seeds dispersal. The plants have limited mobility. Consequently, they need dispersal vectors to transport their seeds away from the mother plant. Mostly, the patterns of seed dispersal are determined by the dispersal mechanism which has important implications on the structure of plant populations. It exists a variety of dispersal vectors: Pogonochory (Pog), Sclerochory (Scl), Pterochory (Pte), Balochory (Bal) and sarcochory (sar); -Temperament of a given species can be defined as the series of development and growth responses to environmental conditions over the life cycle. Species temperament can be accessed as the trajectory of trees in the two dimensional plan of the radiative level of the environment versus the life stage. For example, pioneer species whose temperament is well known always appear in highly radiative environment such as forest gap or boundary at all life stages (Flores et al., 2006) . According to their temperament to light, we have three main groups: shade intolerant species or pioneer (Pi), shade tolerant species (Sts), longest-lived late successional species (Lss)] and; -Phytogeographic distribution: Down Atlantic Guinea (DAG), Pluri-regional african forest (PRA), Down Guinea (DG), Not attribute (Na), Guinea (G) (Hight G + Down G), TA: tropical African forest (At), Guinea-Congolese (GC)]. These informations were found in a botanical survey carried out in African tropical forest (Letouzey, 1969; 1970; Letouzey et al., 1970; Doucet, 2003; Tchouto, 2004; Palla, 2011; Momo, 2011) .
The data collected were encoded and analyzed with Microsoft EXCEL®, and the software R, ADE-4 version 2.14.0.
RESULTS

Specific richness of the undergrowth in trees plantation
A number of 2239 trees constituted of 107 species divided into 42 woody families and 93 genera have been censured in the plots. The Shannon diversity index is estimated at 4.97. The richness of woody species in the plots with large transect were 1147 stems, 79 species, 72 genera and 35 families while plots in regrowth have 1092 stems, 85 species, 76 genera and 38 families. Table 2 summarises the biological parameters of the plots. In general, few large transect plots and all those in regrowth except P. caribea are quite diverse with a Shannon diversity index greater than 4. The densest plots in respect of large transects are P. angolensis, A. klaineana 1 and 2 and among the regrowth were D. alatus and A. cunninghamii.
Floristic composition of the plots
In all plots, Fabaceae (11 species), Euphorbiaceae (10), Annonaceae (9) and Rubiaceae (9) Table 3 ). The basal area in plots with large transects (10.76 m²/ha) is significantly higher (F2, 161 = 3.19, P <0.05) than that in regrowth (8.65 m²/ ha). Figure 2 shows the 12 plots and their classifications based on three biological parameters (density; number of species and mean diameter).The plot of Pinus caribea was considered in the development of the Hierarchical Ascendant Classification (HAC) despite the poor regeneration in the undergrowth. The HAC shows three groups with a partial effect of sylvicultural techniques. Within group 1 and 3, we can notice the individualisation of some plots, such as P. caribea which present a poor richness and density in the undergrowth. Some plots with large transect are grouped with those in regrowth except in group 2 which is constituted by plots with approximately an equal mean diameter.
Grouping of plots based on biological parameters
Life feature of species Biological spectrum
Analysis of a biological spectrum indicates that the megaphanerophytes (MgPh) (trees over 30 m of height) are poorly represented in all plots. The proportion of mesophanerophytes (MsPh) is important in all types of plot; their abundance is estimated at 71% in large transects plots and 47% in regrowth. The microphanerophytes (Mcph) are more represented in regrowth plots (37%) (Figure 3a ).
Seed dispersal
The most abundant group of species corresponds to sarcochory (Sar), their value vary from 55% in the regrowth to 72% in the large transect plots. In the second rang, the sclerochory group (Scl) are estimated at 12% in regrowth and 6% in large transect. This group is followed by the ballochory (Bal). Pogonochory (Pog) and pterochory (Pte) are poorly represented. The above information indicates that zoochory is the most important mode of dispersion among the censured species, then comes the anemochory ( Figure  3b ).
Phytogeographical distribution of species
The Guinean-Congolese taxa (GC) represent more than 67% of the different types of plots (Figure 3c ). This forest regeneration also contains between 6 and 12% of species endemic to Guinea (G) and less than 11% of species endemic to tropical African forest block (At). Other forest types have a very low contribution such as Down Guinea (3%) and Pluri-Regional African forest (PRA) (2%).
Temperament of species to light
The proportion of shade tolerant species (Sts) are more important in large transect plots (65%), where as pioneer species (Pi) are more represented in regrowth plots (25%).
Regarding longest-lived late succession species (Lss), they were almost in equal proportions in large transect plots (23%) and in those in regrowth (25%) (Figure 3d ). 
DISCUSSION
The undergrowth in Mangombe forest plantations is rich and diverse (107 species, H' = 4.97). Among the species inventoried, 105 species belong to small size trees with 2.5 ≤ dbh < 10 cm and 60 species have dbh ≥ 10 cm. Trees with dbh lower than 10 cm represent 98% of the diversity. Generally, in the tropical rainforest, small trees (1.5 cm ≤ dbh <10 cm) represent approximately 80% of species diversity. This species richness is higher than that of large trees (dbh ≥ 10 cm) (Tchouto et al., 2006) . The natural regeneration observed in Mangombe's plantation let us agree with Peng (2003) the possibility for some plots to contribute to the restoration of biodiversity after a few decades. This confirms that forest plantations can serve as habitat to many plant species (Humphrey et al., 2000; Gauquelin 2001; Carnus et al., 2006; Marien et al., 2004; Quine et al., 2010) . Changes in land use, favour the development of fast growing species. This restoration of vegetation that is dependent on the type of disturbance, the seed bank in soil, water and nutrient availability of the soil, may persist for several decades before a gradual establishment of primary forest species (Calderon-Aguilera et al., 2012) . Regeneration in the under storey of pine plots is poor, this may result from the large thickness of the litter on the ground or to a phenomenon of allelopathy. Some plants synthesize tannins and phenols which are contained in the leaves or trunk and also in the soil, these chemicals are likely to prevent other species from germinating in their litter (Rice, 1979) .
The natural regeneration in plots is constituted by many species which shows different response to light such as pioneer species generally met in canopy gap; they comprise Macaranga hurifolia Beille, Mallotus oppositifolius (Geiseler) Mull. Arg., Heinsia crinita (Afzel.) G. Taylor, Rauwolfia vomitoria Afzel, Zanthoxylum gilletii (De Wild) P.G. Waterman, Alstonia boonei de Wild, Anthocleista sp.; some are shade tolerant species composed by species which grow under the canopy of tree : Tabernaemontana pachysiphon Stapf, T. Stapf, Barteria fustilosa and longest-lived late succession species for example Cynometra hankei Harms is normally encountered in old forest. These observations confirmed that, the species said of old forest are able to appear in the initial stages of succession (Franklin et al., 2007) . The shade-tolerant species that are installed after the canopy closure have a slow growing; they are more abundant in old forests than in secondary forests (Chazdon et al., 2010) . We also have evidence that, the secondary forest marks the starting point for the regeneration of the original biodiversity (Zapfack et al., 2002) . The most important families:
Fabaceae, Euphorbiaceae, Annonaceae, Rubiaceae are common to tropical forests (Xiao et al., 2010) .
Natural regeneration in forest plantation is poor in large trees (height > 30 m) while the trees of the average storey (mesophanerophytes) and shrubs (microphanerophytes less than 8 m in height) are better represented. The richness and vegetation composition in large transects plots (80 species, 10% of pioneer species, 71% of shade tolerant species and 23% of longestlived late successional species) differ from those of regrowth (86 species, 25% pioneer species, 46% of shade tolerant species and 25% longest-lived late successional species). These important differences between the type of plots may be due to several factors including the age of the plots, the planted species, level of disturbances, the spatial and vertical heterogeneity related to tree size, site preparation, physical barriers due to litter fall (such as those of pine) that can prevent seed germination and the canopy of tall trees which considerably limits the light that reaches the undergrowth (Kasenene, 2007) and the temporal evolution and internal dynamics occurring in each plot.
In general, after a disturbance, species can present different responses depending on the level of disturbance, the environmental factors and their capacity to adapt in the new milieu. Thus, the vegetation that settles after a disturbance does not necessarily have a composition close to that of the pre-existing milieu (Lindenmayer et al., 2008) . Leah et al. (2010) observed that biodiversity settles more favourably in the plantations of native species located on degraded lands as compared to plantations of exotic species created after clearing of natural forest. This author considers the loss of species richness as a result of land use change: savannah -forest (-35% ± 7%), old growth forest -plantation (-35% ± 6%) and a significant gain in the transition secondary forest -plantation (35% ± 8%).
The basal areas are low, particularly in regrowth plantations, indicating a high number of small size trees and vigorous regeneration. The dynamics of regeneration presents heterogeneous structure that can be assimilated to a mosaïc of stems which form small units which differ in their ages, the size of the stems and their floristic composition. The settlement of rural populations at the edge of plantations facilitates access to the site and recurrent harvesting. The damages on forest stand are directly related to the mode, intensity and recurrence of harvesting that can lead to disturbances and important changes in vegetation (Durrieu de Madron et al., 1998) .
Conclusion
Comparing our results to other studies conducted in the rainforest may suffer from some imperfections since most plant inventories concern stems of dbh ≥ 10 cm. Nevertheless, the biodiversity inventoried in the plots is rich and diversified; it differs by its composition and structure to the surrounding natural forest. The importance of flora with different life features consolidates the possibility for natural regeneration to restore in long-term biodiversity in plots. This restoration of biodiversity would be favoured by the micro climate created in the undergrowth by the planted trees, the abundant litter which brings humus to the soil and the complexity of the spatial and vertical structure of the stand. An appropriate management may allow plantations to contribute to the restoration and conservation of biodiversity. The partial demonstration of the effect of silvicultural techniques is certainly due to many factors of disturbance including logging prior to the installation of plantation, the age, the evolution in time of plots and frequent harvesting currently observed in the site.
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